Abstract. We have used the WHAM H α survey and Leiden/Dwingeloo HI data to decompose the Far-infrared emission (from 100 to 1000 µm) at high Galactic latitude into components associated with the Warm Ionised Medium (WIM) and the Warm Neutral Medium (WNM). This decomposition is possible for the first time thanks to preliminary WHAM data that cover a significant fraction of the sky (about 10%). We confirm the first detection of dust emission from the WIM (Lagache et al. 1999 ) and show that the WIM dust temperature and emissivity are very similar to those in the WNM. The analysis suggests moreover that about 25% of the far-IR dust emission at high galactic latitude is uncorrelated with the HI gas. The decomposition again reveals a Cosmic Far-Infrared Background (CFIRB) which is determined for the first time from 100 to 1000 µm using two independant gas tracers.
Introduction
Two discoveries have recently opened new perspectives on the understanding dust evolution in the Warm Ionised Medium (WIM). Howk & Savage (1999) have pointed out, for the first time, the existence of Al-and Fe-bearing dust grains towards two high-z stars. They have shown that the degree of grain destruction in the ionised medium through these two stars is not much higher than in the warm neutral medium. In addition, Lagache et al. (1999) have for the first time detected the infrared dust emission associated with the WIM based on FIRAS data analysis. This study reveals a dust emissivity in the WIM which does not differ much from that of the HI gas. However, the detection of infrared emission from dust in the WIM is Send offprint requests to: lagache@ias.fr difficult because one can not easily separate the contribution of the H + gas from that of the HI gas. For the first time, the WHAM H α sky survey of our Galaxy (δ > −30 o ) offers the unique opportunity to separate the dust emission associated with the diffuse H + and HI gas. Measuring and characterising the dust emission from the WIM could allow to understand the evolution of the dust grains in the low-density gas. Moreover, dust grain can play an important role in heating the diffuse ionised gas (through the photoelectric effect, Reynolds & Cox, 1992) and can be responsible at least in part of forbidden line strengths (Sembach et al. 1999; Bland-Hawthorn et al. 1997) .
Dust emission associated with the HI gas has been extensively studied using the spatial correlation between the infrared dust emission and the 21 cm HI emission. Boulanger et al. (1996) using DIRBE and FIRAS data together with the HI emission as measured by the Leiden/Dwingeloo survey of the northern hemisphere have found that the dust emission spectrum derived from this correlation can be quite well represented by a single modified Planck curve characterized by T=17.5 K and τ /N HI = 10 −25 (λ/250 µm) −2 cm 2 . This emissivity law is very close to the one predicted by the Draine & Lee (1984) dust model.
Studies of the far-infrared emission at high Galactic latitude have also revealed a residual component interpreted as the Cosmic Far-InfraRed Background (Puget et al. 1996; Fixsen et al. 1998; Hauser et al. 1998; Lagache et al. 1999 ). This background is produced by the line of sight accumulation of all extragalactic objects that are not resolved in the FIRAS or DIRBE beam. Cosmological implications derived from this background can be found for example in Dwek et al. (1998) and Gispert et al. in preparation. In this paper, we present a decomposition of the farinfrared sky emission using the HI Leiden/Dwingeloo (Hartmann & Burton, 1994) and the WHAM H α surveys ). This decomposition gives new determinations of the dust emission associated with the diffuse HI and H + gas as well as the CFIRB. Our study is limited to very diffuse regions. Detail comparisons between HI, H α and far-infrared filaments are beyond the scope of this paper and will be adressed in future works. The paper is organised as follows. First (Sect. 2), we present the data we have used. Sect. 3 describes the regions selected for the decomposition as well as the decomposition method. We then present the results (Sect. 4). Finally, a summary is given in Sect. 5.
Data presentation

Far-infrared and HI data
We have used far-infared data from the DIRBE and FI-RAS instruments on board the COBE satellite. The FI-RAS instrument is a polarising Michelson interferometer with 7
• resolution and two separate bands (from 2.2 to 20 cm −1 and from 20 to 96 cm −1 ) which have a fixed spectral resolution of 0.57 cm −1 (Fixsen et al. 1994) . The study presented here is based on "pass 4" data which have been corrected for the zodiacal light , the Cosmic Microwave Background and its dipole emission (see the FIRAS explanatory supplement). DIRBE is a photometer with ten bands covering the range from 1.25 to 240 µm with 40 arcmin resolution (Silverberg et al. 1993) . We only use the last three bands (100, 140 and 240 µm) for which the zodiacal emission has been subtracted. These maps are called "Zodi-Subtracted Mission Average Maps"
1 . We decide in our analysis to work at the FIRAS resolution (1) to increase the DIRBE map signal to noise ratio and (2) to combine FIRAS and DIRBE data. Thus, we convolve the DIRBE maps with the FIRAS Point Spread Function (PSF). The PSF is not precisely known for all wavelengths, so we use the approximation suggested by Mather (private communication) of a 7
• diameter circle convolved with a line of 3
• length perpendicular to the ecliptic plane (Mather et al. 1986 ).
The HI data we used are those of the Leiden/Dwingeloo survey which covers the entire sky down to δ = −30
• with a grid spacing of 30' in both l and b. The 36' half power beam width of the Dwingeloo 25 -m telescope provides 21 -cm maps at an angular resolution which closely matches that of the DIRBE maps. Details of the observations and correction procedures are given by Hartmann (1994) and by Hartmann & Burton (1997 . Some spectra in the direction of stars brighter than the sixth magnitude contain the H α absorption line from the star. These pointings appear as isolated 1 o diameter depression in the otherwise smooth emission at high Galactic latitude. Intensity calibration is performed using frequent observations of nebular sources. All WHAM intensities are tied to the absolute intensity measurement of the North American Nebula (NGC 7000). The uncertainty on the H α emission for this preliminary dataset is about 10%. Details on WHAM can be found in Tufte (1997), Haffner (1999) and Reynolds et al. (1998) .
For comparison with COBE data, WHAM data have been first projected on the DIRBE sixcube. A 5×5 pixel median filtering has been applied in order to remove the defects induced by stellar H α absorption lines from several lines of sight. These data are then convolved with the FIRAS beam.
Decomposition of the Far-infrared emission
Pixel selection
The decomposition of the far-infrared emission in very diffuse regions requires careful selection of pixels on the sky 2 WHAM informations can be found on the Web site http://www.astro.wisc.edu/wham mainly to avoid HII regions and IR emission from molecular clouds. We apply several criteria:
-We remove pixels with |β| < 10 o to avoid any contamination by residual zodiacal emission.
-Only high Galactic latitude regions are selected (b lower than -30 o and greater than 25 o for map1 and map2 respectively).
-Diffuse parts of the sky are selected following Lagache et al. (1998) . To remove molecular clouds and HII regions, we use the DIRBE map of the 240 µm excess with respect to the 60 µm emission: ∆S=S ν (240)-4×S ν (60). This map shows as positive flux regions, the cold component of the dust emission, and as negative flux regions, regions where the dust is locally heated by nearby stars (like the HII regions). Therefore, diffuse emission pixels are selected with |∆S| < 3σ, σ being evaluated from the width of the histogram of ∆S (the distribution of ∆S is gaussian with a "negative" and "positive" wing corresponding to heated dust regions and cold molecular clouds respectively). This criteria is for example important for the map2 where it removes the cold Polaris, Ursa major and Camelopardalis clouds. It removes 6.4% of the original high ecliptic and galactic latitude maps.
-We keep all regions for which the Hα emission is between 0.2 and 2 R. The lower value (0.2 R) ensures that we are well above the noise. The threshold of 2 R is arbitrary but ensures that the remaining pixels are not coming from bright enhanced Hα regions caused by an increase of the electron density.
-Pixels with high HI column densities (N(HI) > 6 10 20 H cm −2 ) are removed. We use this HI threshold rather than that derived in Boulanger et al. (1996) and Lagache et al. (1999) since it increases the statistics by 30%. With such a criterium, the contribution of the cold dust emission is lower than 3% in the far-infrared bands.
We keep 122 FIRAS pixels, corresponding to 2% of the sky.
Conversion of the WHAM H α intensity into N(H + )
IR emission that can be correlated with the ionised gas cannot be simply related to this gas phase as for the HI component. Emission from HI gas is proportional to N(HI), whereas WIM emission is derived from the emission measure which is proportional to n 2 e (where n e is the WIM electron density). Thus, the WIM intensity measured in Rayleighs, considering a constant electron density along the line of sight, is proportional to N (H + )n e .
For a WIM dust temperature of T e =8000 K, we compute a conversion factor (from Osterbrock, 1989) :
where N (H + ) 20cm −2 is the H + column density normalised at 10 20 H cm −2 . This conversion factor depends weakly on the temperature. We see from Eq. (1) that it is impossible to disentangle if variations in I α are due to variations in the electron density or variations in the H + column density.
For our sample, the mean H α intensity is equal to 0.69 R with a standard deviation of 0.37 R. For the case where H α intensity variations are only due to variations in n e with a constant H + column density, we can estimate the infered electron densities. For our selected pixels, the minimal and maximal H α intensity is equal to 0.2 R and 1.9 R respectively. This gives a variation in the electron density by a factor of ∼10. Such a variation is not expected in our very diffuse high galactic latitude regions averaged in the FIRAS 7 o beam. This is supported by the study of Reynolds (1991) who has derived for the mean electron density < n e >=0.08 cm −3 along high latitude sightlines a dispersion of 0.04 cm −3 . Thus we conclude that most of the H α intensity variations in the data used for this study are due to variations in H + column density rather than in n e . Using < n e >=0.08 ± 0.04 cm −3 , we compute from Eq. (1) the following conversion factor 3 :
Decomposition method
Using the conversion factor derived in the previous section, we can describe the far-infrared dust emission as a function of the HI and H + column density by:
where N(HI) 20cm −2 and N(H + ) 20cm −2 are the column densities normalised at 10 20 H cm −2 . The coefficients A, B and the constant term C are determined simultaneously using regression fits. Before performing the infrared regression analysis, we have correlated the HI with the H + gas. The correlation coefficient between these emission lines is about 38% for the selected pixels. Such a weak correlation may come from the cosecant variation of the two components. Removing the cosecant variations before the analysis results in a correlation coefficient of zero.
At DIRBE wavelengths the fit has been done using a relative weight computed from the standard deviation 3 We can also derive using our Hα intensity dataset the dispersion for < ne > by considering that the H + column density is constant, and assigning Hα intensity variations to variations in < ne >. We obtain the same dispersion of 0.04 cm −3 .
maps. The statistic uncertainty on A and B coefficients are very small compared to real variations of A and B across the sky. However, we do not yet have enough statistics to test their spatial variations which will be done using the complete WHAM survey. The A, B and C values obtained using different weights for the fit are very consistent. Only their statistical uncertainties change significantly. As we have checked that A, B and C coefficients do not vary with different weights for DIRBE, the fit has been done using the same weight for each pixel at the FIRAS wavelengths. The uncertainty in the conversion factor (Eq. (2)) do not affect the determination of the A and C coefficients. It only changes the normalisation of B.
Before computing the regression fit analysis, we should have removed the cosecant law variations for each of the components: dust, HI and H + . However, due to small statistics (∼ 2% of the sky), it is very difficult to accuratly derive the slopes of these relationships. We have checked using DIRBE data at 100, 140 and 240 µm (at the 7 o resolution) that the results derived by removing the best estimate of the cosecant variations before the fit are in good agreement with ones obtained without this correction. Thus, we conclude that for our small dataset, the cosecant law variations do not affect the result of the decomposition.
Results and discussion
This section presents the results obtained for A, B and C and compares them with previous determinations. The A coefficient is the spectrum of the dust associated with HI gas for N(HI)=10 20 H cm −2 ; if detected, B will give the dust emission spectrum associated with the ionised gas for N(H + )=10 20 H cm −2 ; and C is the residual Cosmic Far-InfraRed Background.
Spectrum of the dust associated with HI gas
The spectrum of the dust associated with HI gas (the A coefficient computed at each FIRAS wavelength) is shown on Fig. 1 . It is limited to λ >180 µm due to the very low signal to noise ratio of FIRAS data at shorter wavelengths. Also reported are A values obtained at the DIRBE wavelengths (and given in Table 1 ). We see a very good agreement between the spectrum obtained from the decomposition and the one derived by Lagache et al. (1999) . To determine the temperature and emissivity of the dust in HI gas, we fit the FIRAS spectra by a ν 2 modified Planck curve. We obtain a temperature of 17.2 K with an emissivity:
This emissivity law is very close to the one predicted by the Draine & Lee (1984) dust model as was also shown previously by Boulanger et al. (1996) . The relative uncertainty on the emissivity computed by keeping the modified 17.2 K Planck curve inside the statistical errors is about 10%. 
Spectrum of the dust associated with the WIM
The B coefficient reveals a spectrum which is clearly nonzero (Fig. 2) . This spectrum, although much more noisy, is in very good agreement with the previous determination made on a larger fraction of the sky (25.6%, Lagache et al, 1999) . This confirms without ambiguity the first detection of the WIM dust emission. The level of the spectrum derived here is 1.3 times lower than the previous one. This factor comes from (1) the use of the new DIRBE and FIRAS data (for the maps used in Lagache et al. 1999 , the correction of the zodiacal emission was not as accurate as for the corrected maps delivered by the DIRBE and FIRAS team) and (2) the difference in the normalisation. Compared to the previous result, DIRBE data points (Table 1) show a decrease of the spectrum at short wavelengths, suggesting a dust temperature smaller than in the previous study. This decrease was not seen before in the FIRAS spectrum due to the very low signal to noise ratio below 180 µm. However, the spectrum given by the B coefficient is too noisy to determine the dust temperature accuratly. The range of temperature allowed by the spectrum is between 16 and 18 K. On Fig.  2 is displayed, for direct comparison with the HI gas dust emission a ν 2 modified Planck curve with a temperature of 17.2 K. With this temperature, the emissivity of the dust in the ionised gas is:
The relative uncertainty on the emissivity computed by keeping the modified 17.2 K Planck curve inside the statistical errors is about 10%. There is no doubt that dust emission associated with the WIM is detected. However, the uncertainty on the conversion factor (Eq. (2)) induces a possible error on the emissivity value of about 50%.
The dust emissivity in the WIM derived for < n e > = 0.08 cm −3 is very close to the one derived in the HI gas, which confirms a dust abundance in the WIM that does not differ much from that of the HI gas. Such a conclusion is in very good agreement with the recent work of Howk & Savage (1999) . With their absorption-line studies of the WIM of the Galaxy, they provide evidence for dust in the diffuse ionised gas. Their analysis implies that the processing of dust grains in the WIM may not be much different than that in the HI gas. The similar temperature and emissivity of dust in HI and H + gas support this conclusion. The temperature and emissivity of the dust in the ionised gas will be more accuratly determined using the whole WHAM survey.
These results can be compared with the study of Arendt et al. (1998) which uses a similar method in order to find the far-infrared emissivity of the diffuse ionised gas. They conclude that they were unable to detect any IR emission associated with low density ionised gas at high Galactic latitude. This non-detection can be easily explained by the very small fraction of the sky that was used (the largest region represents about 0.2% of the sky). Heiles et al. (1999) have done exactly the same decomposition (Eq. (3)) at 100 µm in the Eridanus superbub- Fig. 2 . Dust emission spectrum associated with the ionised gas for N(H + )=10 20 H cm −2 . The dashed and continuous lines represent the spectrum derived in Lagache et al. (1999) and the result of the decomposition (B coefficient) respectively. Also reported are the DIRBE values at 100, 140 and 240 µm (diamonds), as well as a ν 2 modified Planck curve with a temperature of 17.2 K. Errors on the DIRBE points are smaller than the symbol ble except that they have used for the infrared emission at 100 µm the temperature-corrected DIRBE data from Schlegel et al. (1998) . This region is much more complicated than the diffuse parts of the sky selected here and the value of B varies significantly from region to region. This variation likely reflects the variation of n e from 0.62 to 1.2 cm −3 (Heiles et al. 1999) . These electron densities are much higher than that in the WIM (which is about 0.08 cm −3 ). The mean B value obtained by Heiles et al. (1999) is 0.84 MJy/sr/10 20 H cm −2 which is only a factor 1.5 above our determination, which may be surprising considering the difference in the physical conditions between our selected parts of the sky and the Eridanus Superbubble. We clearly see the effect of the dust emission associated with the ionised gas. The correlation coefficient is higher using the two gas components rather than using only the HI component (93.6% compared to 91.2%). Combined with the value of the WNM and WIM dust emissivity and assuming that N(H + )/N(HI)∼25%, this analysis suggests that a significant fraction (about 20-30 %) of the far-IR dust emission at high galactic latitude is uncorrelated with the HI gas. 
The Cosmic Far-InfraRed Background
The C spectrum obtained by the far-infrared emission decomposition is shown on Fig. 4 together with the CFIRB determination of Lagache et al. (1999) in the Lockman Hole region. We see a very good agreement between the two spectra. These determinations are also in good agreement with the Fixsen et al. (1998) one. This confirmation of the level and shape of the CFIRB supports the validity of the decomposition using the two independant datasets since the constant term in Eq. (3) is very dependant on the determination of A and B.
At 140 and 240 µm, the values obtained for the CFIRB are 1.13±0.54 MJy/sr and 0.88±0.55 MJy/sr respectively (Table 1) . For each selected pixel, we compute the residual emission, R = IR -A×N(HI) -B×N(H + ). Uncertainties of the CFIRB have been derived from the width of the histogram of R (statistical uncertainties derived from the regression analysis are negligible). The obtained CFIRB values, although much more noisy (due to the small fraction of the sky used), are in very good agreement with Hauser et al. (1998) determinations and the Lagache et al. (1999) one at 240 µm. At 140 µm, the CFIRB value of Lagache et al. (1999) is smaller than that derived here since the assumed WIM dust spectrum were overestimated (the WIM dust spectrum was very noisy below 200 µm and the estimated dust temperature was too high).
At 100 µm, DIRBE data are less noisy than at 140 and 240 µm (the detector at 100 µm is a photoconductor rather than bolometers at 140 and 240 µm). Assuming an accurate subtraction of the zodiacal emission at this wavelength, our decomposition gives the CFIRB at 100 µm: I CF IRB (100)= 0.78±0.21 MJy/sr. This value can be compared to the non-isotropic residual emission found by Hauser et al. (1998) . The average on three regions of the residual emission, equal to 0.73±0.20 MJy/sr, is in very good agreement with our determination.
Summary
We have performed a decomposition of the far-infrared sky at high Galactic latitude using two independant gas tracers: the Leiden/Dwingeloo HI and WHAM Hα surveys of the northern hemisphere of our Galaxy. Main results of this analysis are:
1) The dust emission associated with the HI gas is very well represented by a ν 2 modified Planck curve with a temperature of 17.2 K and an emissivity: τ /N (HI) = 8.3 10 −26 (λ/250 µm) −2 cm 2 This emissivity is in very good agreement with previous determinations (Lagache et al. 1999; Boulanger et al. 1996) and also with the Draine & Lee (1984) dust model.
2) We confirm the first detection of dust emission from the WIM. Assuming a temperature of 17.2 K, the WIM dust emissivity is: τ /N (HI) = 1.1 10 −25 (λ/250 µm) −2 cm 2 suggesting a dust abundance in the WIM comparable to that in the HI gas.
3) The CFIRB obtained from this decomposition is in very good agreement with the previous determinations (Fixsen et al. 1998; Hauser et al. 1998; Lagache et al. 1999) . This is the first time that two independent gas tracers for the HI and the H + have been used to determine the background at 100 µm: I CF IRB =0.78±0.21 MJy/sr.
The complete WHAM survey will allow an extension of this decomposition to the whole northern sky. In particular, variation of the dust emission spectrum associated with different ionisation environments will give unprecedent information on the dust processing in the ionised gas of our Galaxy.
